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W# g8ggWVjj# g8ggWVjg# g8egg# # # #
X# g8ggWVjj# g8ggWVjg# g8egg# # # #
l# g8ggWVjj# g8ggWVjg# g8egg# # # #
Wg# g8ggWVjj# g8ggWVjg# g8egg# # # #
Xg# g8ggWVjj# g8ggWVjg# g8egg# # # #









!;#F=&2&().'# <QNRh2i# FI$%&''-.h2i# N&'4+.#x# <QNRh2i# FI$%&''-.h2i#
N&'4+.##
x#
W# g8gggggv# g8ggggWW# Wv8ggg# g8gggggX# g8gggggX# g8ggg#
X# g8ggggWX# g8ggggWW# k8ggg# g8gggggX# g8gggggX# g8ggg#
l# g8ggggWX# g8ggggWW# k8ggg# g8gggggX# g8gggggX# g8ggg#
Wg# g8ggggWX# g8ggggWW# k8ggg# g8gggggX# g8gggggX# g8ggg#
Xg# g8ggggWX# g8ggggWW# k8ggg# g8gggggX# g8gggggX# g8ggg#
lg# g8ggggWX# g8ggggWW# k8ggg# g8gggggX# g8gggggX# g8ggg#
# # # # # # #
T"'.#V#
!;#F=&2&().'# <QNRh2i# FI$%&''-.h2i# N&'4+.#x# # # #
W# g8gggWje# g8gggWjW# X8ggg# # # #
X# g8gggWje# g8gggWjW# X8ggg# # # #
l# g8gggWje# g8gggWjW# X8ggg# # # #
Wg# g8gggWje# g8gggWjW# X8ggg# # # #
Xg# g8gggWje# g8gggWjW# X8ggg# # # #
















W# g8gggggW# g8gggggW# W8ggg# g8gggggW# g8gggggW# g8ggg#
X# g8gggggX# g8gggggW# VX8ggg# g8gggggW# g8gggggW# g8ggg#
l# g8gggggX# g8gggggW# VX8ggg# g8gggggW# g8gggggW# g8ggg#
Wg# g8gggggX# g8gggggW# VX8ggg# g8gggggW# g8gggggW# g8ggg#
Xg# g8gggggX# g8gggggW# VX8ggg# g8gggggW# g8gggggW# g8ggg#
lg# g8gggggX# g8gggggW# VX8ggg# g8gggggW# g8gggggW# g8ggg#





x# # # #
W# g8ggggXV# g8ggggXW# k8ggg# # # #
X# g8ggggXV# g8ggggXW# k8ggg# # # #
l# g8ggggXV# g8ggggXW# k8ggg# # # #
Wg# g8ggggXV# g8ggggXW# k8ggg# # # #
Xg# g8ggggXV# g8ggggXW# k8ggg# # # #
lg# g8ggggXV# g8ggggXW# k8ggg# # # #
T.2.#{@#:.+#%&:&%+*.#"()&%+.%2&()&8#.#4"=.%#*.#*&'4+.#)&%+"#)&(*J(1+"#&2#"/2&()"%#$"%"#.#















X# g8gkefVj# g8gkefWf# g8gXl# g8ggggVl# g8ggggVl# g8gWV#
l# g8gkefVj# g8gkefWf# g8gXl# g8ggggVl# g8ggggVl# g8gXf#
k# g8gkefVj# g8gkefWf# g8gXl# g8ggggVl# g8ggggVl# g8geX#
Wg# g8gkefVj# g8gkefWf# g8gXl# g8ggggVl# g8ggggVl# g8gfe#





x# # # #
X# W8Vfvvle# W8VfvkfV# g8ggf# # # #
l# W8Vfvvle# W8VfvkfV# g8ggf# # # #
k# W8Vfvvle# W8VfvkfV# g8ggf# # # #
















X# g8gWgjWX# g8gWgjgX# g8gve# g8ggggWj# g8ggggWj# g8geX#
l# g8gWgjWX# g8gWgjgX# g8gvf# g8ggggWj# g8ggggWj# g8Wgl#
k# g8gWgjWX# g8gWgjgX# g8gvf# g8ggggWj# g8ggggWj# g8Xgk#
Wg# g8gWgjWX# g8gWgjgX# g8gvf# g8ggggWj# g8ggggWj# g8Xfg#





x# # # #
X# g8WjWXjl# g8WjWXVV# g8gXl# # # #
l# g8WjWXjl# g8WjWXVV# g8gXl# # # #
k# g8WjWXjl# g8WjWXVV# g8gXl# # # #














X# g8ggWVlV# g8ggWVVk# g8Vkg# g8gggggj# g8gggggj# g8VXl#
l# g8ggWVlV# g8ggWVVk# g8VkX# g8gggggj# g8gggggj# g8feW#
k# g8ggWVlV# g8ggWVVk# g8Vkl# g8gggggj# g8gggggj# W8Xeg#
Wg# g8ggWVlV# g8ggWVVk# g8Vke# g8gggggj# g8gggggj# W8lkg#





x# # # #
X# g8gWgvje# g8gWgvev# g8gWe# # # #
l# g8gWgvje# g8gWgvev# g8gWe# # # #
k# g8gWgvje# g8gWgvev# g8gWe# # # #











X# g8ggggkk# g8ggggkf# X8Vvg# g8gggggV# g8gggggV# W8VgW#
l# g8ggggkk# g8ggggkf# X8lgk# g8gggggl# g8gggggV# X8lvv#
k# g8ggggkk# g8ggggkf# X8lVX# g8gggggl# g8gggggV# V8jVW#
Wg# g8ggggkk# g8ggggkf# X8lVk# g8gggggl# g8gggggV# V8vXj#





x# # # #
X# g8ggWVjk# g8ggWVjg# g8evj# # # #
l# g8ggWVjk# g8ggWVjg# g8evv# # # #
k# g8ggWVjk# g8ggWVjg# g8fgW# # # #















X# g8ggggWX# g8ggggWW# v8jVf# g8gggggX# g8gggggX# l8vvk#
l# g8ggggWX# g8ggggWW# v8kel# g8gggggX# g8gggggX# j8lfX#
k# g8ggggWX# g8ggggWW# v8vkX# g8gggggX# g8gggggX# k8WfW#
Wg# g8ggggWX# g8ggggWW# Wg8ggg# g8gggggX# g8gggggX# k8Wvl#





x# # # #
X# g8gggWje# g8gggWjW# X8VvV# # # #
l# g8gggWje# g8gggWjW# X8lgf# # # #
k# g8gggWje# g8gggWjW# X8lWe# # # #
























B'# %&'/=)"*.'# .9)+*.'# $&="'# */"'# )&.%+"'8# $"%"# /2"# *&:=&I-.#2@I+2"8# =.1"=+H"*"# &2#◊ŸE#
:.%"2#'+2+="%&'#".'#.9)+*.'#$&=.'#"/).%&';#<.%"2#/)+=+H"*.'#Wg#&=&2&().'#(&')&#1@=1/=.;##


















E"%"#2&=K.%# 1.2$%&&(*&%# "# +(:=/J(1+"# *"# &'$&''/%"# *.# (A1=&.8# %&*/H+/0'&# "#2&'2"# $"%"#
2&)"*&#hD < HE#^^÷=ââi;#D#*&:=&I-.#&2#◊ŸE#'/9+/8#1.2.#'&#.9'&%4"#("#)"9&="#Wl;###





















































C"()&(*.#"# &'$&''/%"#.%+5+("=#*.#(A1=&.8# &#/)+=+H"(*.#"#2&'2"#&'$&''/%"#$"%"# "29"'# "'#












D#4+5"#&')/*"*"#$.%#N+$"s#&)#"=#hWvkli#)+(K"#"'#'&5/+()&'#1.(:+5/%",-.#&#$%.$%+&*"*&'|#’ < Hdddd==◊ < dÇH£d÷=â='( < HE£#Ed§=+’W#') < '* < £#]E÷HE=+’W=+() < ÷#H÷•÷R=+’W=+(* < ]#^d÷^=+’W=+)* < E#÷]H]=+’W=[ < dÇdHE§=K() < K)* < dÇ^=K(* < dÇEHRR^§=
#
#









ã(5/=.'# N+$"s#&)#"=# <QNR# N&'4+.#x#
gÜ# V8velj# V8vfkf# g8VeWl#
VgÜ# Wk8fleV# Wv8VlWX# V8jVXV#
leÜ# Xv8vVXl# VW8ejvl# e8egXV#
fgÜ# Vj8fjWj# Vk8jjWX# X8vWkf#







ã(5/=.'# N+$"s#&)#"=# <QNR# N&'4+.#x#
gÜ# V8WjkX# V8Wkge# g8gjXV#
VgÜ# Wj8feVX# Wk8lWfl# l8VXVX#
leÜ# Xk8klWe# Vg8eWjk# e8kWXW#
fgÜ# Vf8ljXV# Vj8ejXv# V8gWjf#






























ã(5/=.'# N+$"s#&)#"=# <QNR# N&'4+.#x#
gÜ# X8vkl# X8vkVe# g8gWfj#
VgÜ# Wj8VXWv# Wk8Wke# l8vkXj#
leÜ# Xk8eXXk# Vg8XeX# f8gfXe#
fgÜ# Vf8WfXf# Vj8XjV# V8gjge#


















































ã(5/=.'# N+$"s#&)#"=# <QNR# N&'4+.#x#
gÜ# X8vXfe# X8vXeW# g8gljkVkjWe#
VgÜ# Wj8WXVW# Wk8WWXj# e8jjvVXjVlW#
leÜ# Xk8VfX# Vg8WjVj# f8VkjjjXVjW#
fgÜ# Vf8gelV# Vj8Wkle# V8WVljWfXlj#







































ã(5/=.'# N+$"s#&)#"=# SQNR# N&'4+.#x#
gÜ# V8velj# V8vkgV# g8flje#
VgÜ# Wk8fleV# Wv8XVWv# V8WlfV#
leÜ# Xv8vVXl# VW8VXeg# l8feXe#
fgÜ# Vj8fjWj# lg8XfkV# f8kvXv#




















ã(5/=.'# N+$"s#&)#"=# SQNR# N&'4+.#x#
gÜ# V8WjkX# V8XgWk# g8jlVl#
VgÜ# Wj8feVX# Wk8VXWf# V8jkfl#
leÜ# Xk8klWe# Vg8Xvfk# e8glev#
fgÜ# Vf8ljXV# Vv8WXkj# j8XkVl#




















































ã(5/=.'# N+$"s#&)#"=# SQNR# N&'4+.#x#
gÜ# X8vkl# V8ggf# g8jeef#
VgÜ# Wj8VXWv# Wk8gveW# l8lfVk#
leÜ# Xk8eXXk# Vg8glWv# e8VXfW#
fgÜ# Vf8WfXf# Vk8kljg# j8lXVX#






ã(5/=.'# N+$"s#&)#"=# SQNR# N&'4+.#x#
gÜ# X8vXfe# X8vlke# g8jelg#
VgÜ# Wj8WXVW# Wk8gXkg# e8Xklv#
leÜ# Xk8VfX# Xv8vffV# e8feff#
fgÜ# Vf8gelV# Vk8jfVg# j8eWXk#
































D# 4+5"# ?/&# "$%&'&()"4"# /2# 3(5/=.# *&# VgÜ8# )&4&# /2# "/2&().# 2"+'# &4+*&()&# *.# *&'4+.8#
















































W8flF0ge# W8kWF0ge# X8ljF0ge# l8XfF0ge# k8VkF0ge# W8XVF0gl# W8XjF0gl# d.%.(#0F$.IO#
W8kWF0ge# X8ggF0ge# X8jfF0ge# l8ekF0ge# j8llF0ge# k8feF0ge# k8egF0ge# L%"$K+)&#





F')/*"%"20'&# )%J'# 4+5"'# 1.(')+)/6*"'# $.%# 2")&%+"+'# .%).)%7$+1.'# 1.2# *+:&%&()&'#
$%.$%+&*"*&';# B# %&'/=)"*.# &'$&%"*.# '&%+"# ?/&# 1.2# .# "/2&()"%# *.# 4"=.%# *.# 3(5/=.# *&#
.%+&()",-.#*"# :+9%"8# "#*&:=&I-.#2@I+2"# h=yXi8# "/2&()"''&;#T.2#.#2")&%+"=#9.%.(0&$.IO#&#
1.2# "# 5%"$K+)&0&$.IO# hDQyVegWi8# 4&%+:+1./0'&# &''&# "/2&().# *"# *&:=&I-.#2@I+2"# 1.2# .#
"/2&().#*.#3(5/=.#*&#.%+&()",-.#*"'#:+9%"';##
R"().#.#9.%.(0&$.IO#1.2.#"#5%"$K+)&0&$.IO#$.''/&2#/2#+5/"=#27*/=.#*&#&="')+1+*"*&#("#




































'(# W8jVFåWW# W8VkFåWW# X8gfFåWW#
')# V8VgFåWg# k8vgFågv# X8gjFåWg#
'*# e8jWFågv# k8vgFågv# X8gjFåWg#
+()# v8VkFågv# j8WgFågv# f8kvFågv#
+(*# k8XjFågv# j8WgFågv# f8kvFågv#
+)*# V8XlFågv# f8XgFågv# l8WVFågv#
‡()# g8gVf# g8V# g8V#
‡(*# g8Xe# g8V# g8Xe#
‡)*# g8WjW# g8lv# g8Xe#
#
m6! :&=.o"1+,#*&#&0'+2%,0&"$-#',(,#3+G,#)+0'2&)0&"$&#,'-+,*,#1-0#1,(G,#$(,")3&(),2#








&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"
0O,.*-.PQ1+" 0O,/,**PQ1+" 0O-01/+PQ1+" 0O-)(),PQ1+" 0O-)0)*PQ1+" 0O-,-/PQ1+"
1J,1J1" 1J-+J1" 1J/1J1"
&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"






























&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"









&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"

































&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"
/O/,(0/PQ1," 0O11+*+PQ1+" 0O101,(PQ1+" 0O1(+1)PQ1+" 0O1(00)PQ1+" 0O1*),/PQ1+"
1J,1J1" 1J-+J1" 1J/1J1"
&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"
























R"=# 1.2.# )+(K"# '/%5+*.# $"%"# "# "(@=+'&# 1.2# 1"%5"# 1.(1&()%"*"8# &I+')&# /2# "/2&().# *.#
*&'=.1"2&().#2@I+2.#*"#4+5"8#~#2&*+*"#?/&#.#3(5/=.#*&#.%+&()",-.#*"'#:+9%"'#"/2&()";#D#
*+'1%&$3(1+"#&()%&#.'#4"=.%&'#.9)+*.'#$&="'#*/"'#)&.%+"'#"/2&()"8#~#2&*+*"#?/&#.#3(5/=.#*&#






&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"































&KLM" NKLM" &KLM" NKLM" &KLM" NKLM"

























B# *&'=.1"2&().# M#2@I+2.# $"%"# .# &2$+=K"2&().# rfgygy0fgt;# B'# %&'/=)"*.'# .9)+*.'# $&="'#
*/"'#)&.%+"'#'-.#1.(')"()&';#
b6! C)$.*-# *,# +"52.o"1+,# *,# )&=.o"1+,# *&# &0'+2%,0&"$-# ',(,# .0,# 3+G,# &"1,)$(,*,#
".0,# &K$(&0+*,*&# &# 1-0# 1,(G,# $(,")3&(),2# 1-"1&"$(,*,# ",# -.$(,#
&K$(&0+*,*&6^;+',W#&$#,2#P``mc#’ < Hdddd==◊ < dÇH£d÷=â='( < HE£#Ed§=+’W#') < '* < £#]E÷HE=+’W=+() < ÷#H÷•÷R=+’W=+(* < ]#^d÷^=+’W=+)* < E#÷]H]=+’W=[ < dÇdHE§=K() < K)* < dÇ^=K(* < dÇEHRR^§=◊D < ÷#



























F2$+=K"2&().# N+$"s#&)#"=# <QNR# N&'4+.#x#
rgyVgygt# l8gevX# l8WWfj# W8lWfWeXWWW#
rgyleygt# l8WVVg# l8Wfkl# g8keeljXeel#
rgyfgygt# l8Wkef# l8XgjW# g8eWVvWeVWW#




B# *&'=.1"2&().# "*+2&('+.("=# :.+# "/2&()"(*.# 1.(:.%2&# .# "/2&().# *.# 3(5/=.# *&#
.%+&()",-.#*"'#:+9%"';##
Q)B-@)"KU+L67%@G)6-231"-/3'5)51"-"(-/'@3)51/"1B3%51/"7)()")"3-1(%)"A;SQ"
ã(5/=.'# N+$"s#&)#"=# SQNR# N&'4+.#x#
rgyVgygt# l8gflv# l8Welv# X8XWXv#
rgyleygt# l8Wfvl# l8XlVV# W8jjVg#
rgyfgygt# l8XeVf# l8VWkv# W8eVfg#


































































T.(1=/+0'&# ?/&# "# *+'1%&$3(1+"# &()%&# "# )&.%+"# <QNR# &# "# )&.%+"# SQNR# )&2# )&(*J(1+"# "#
"/2&()"%# 1.(:.%2&# "# 4"%+",-.# *.# 3(5/=.# *&# .%+&()",-.# *"'# :+9%"';# T.2.# K@# /2"#2"+.%#
'.=+1+)",-.#*.#2")&%+"=#".#1.%)&8#"#)&.%+"#SQNR#)&2#/2"#%&'/=)"*.#2"+'#$%&1+'.;#
9i! E"%"# &')&# &')/*.# :.+# /)+=+H"*.# /2# ="2+("*.# "''+2M)%+1.;# R.*"'# "'#
$%.$%+&*"*&'#&#1"%"1)&%6')+1"'#*.#2")&%+"=#&#*"#4+5"#'&#2"()J2;#
Q)B-@)"K\+"L67%@G)6-231"-/3'5)51"-"(-/'@3)51/"1B3%51/"7)()")"3-1(%)"$;SQ"
ã(5/=.'# N+$"s#&)#"=# <QNR# N&'4+.#x#
rgyvgygyvgt# j8fgvv# j8flej# g8ljgX#
rgyVgy0Vgygt# l8Xvfj# l8VvlV# X8XjXV#
rgyley0leygt# l8lVgk# l8lvel# W8lejv#
rgyfgy0fgygt# l8eXef# l8efee# g8kkXg#
#
#
























ã(5/=.'# N+$"s#&)#"=# SQNR# N&'4+.#x#
rgyvgygyvgt# j8jffW# j8vVlf# X8Wfvk#
rgyVgy0Vgygt# l8Xkgl# l8lWlf# V8WVel#
rgyley0leygt# l8llVX# l8efgg# X8fXvl#
rgyfgy0fgygt# l8ekfv# l8fkWk# X8gfkk#
#
#
$%&'()" U>+" P167)().O1" -23(-" 1/" 5-/@10)6-231/" )5%6-2/%12)%/" 1B3%51/" -6" ^'2.O1" 5)" /-M'm20%)" 5-" -67%@G)6-231"
Z)23%+/%6l3(%01["
"
R"=# 1.2.# $"%"# "# )&.%+"# <QNR8# ("# )&.%+"# SQNR# 2"()&4&0'&# "# 1.(')3(1+"# (.'# A=)+2.'#
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E"%"# &')&# &')/*.8# "'# $%.$%+&*"*&'# *.'# 2")&%+"+'# 9&2# 1.2.# "# 1.(:+5/%",-.# *"# 4+5"8# '-.#
+*J()+1.'#".'#*.#&')/*.#"()&%+.%;##
D# :+5/%"# le# &I&2$=+:+1"# "# 4"%+",-.# *.#27*/=.# *&# &="')+1+*"*&# ")%"4M'# *"# &'$&''/%"# 9&2#
1.2.#*"#:%"1,-.#*&#2")&%+"=#1.(')+)/+()&#*"#4+5"#h1&%32+1.#./#"=/26(+.i;#B/#'&{"8#?/"(*.#






















" ñ?€ﬁ›ÿWâ?0∞›=WñÄâ?0€Ä›0Wﬁ========>· < >>v=◊D < ]#=======H•='6 < Edd=+’W=K6 < d#^='g < §d=+’W=’d < ÷dd=Ÿâ=#
Q)B-@)"Kd""+"P167)().O1"-23(-"5-/@10)6-231")5%6-2/%12)@"7)()"'6"_jG"k"U"-"7)()")"3-1(%)"$;SQ"
!" #$%&'!" (")*+$,)" ,'&-$)"."
g# W8WVggX# W8WklWl# l8jkvgj#
g8X# g8klvgf# g8kkvWj# l8jXlWk#
g8e# g8jWlkX# g8jlvgv# l8jvVfW#
W# g8fXvVf# g8fevjj# l8kVXXX#
X# g8efWfe# g8ekkvW# l8keXfk#
e# g8lvWjf# g8eWefX# l8keWXV#







T.2.# '&%+"# *&# &'$&%"%8# .# *&'=.1"2&().# "*+2&('+.("=# :.+# 2"+.%# $"%"# /2# 4"=.%# *&#
1.%%&'$.(*&()&#"#>yX#&#$"%"#"#4+5"#1.(')+)/6*"#"$&("'#$.%#"=/26(+.8#?/&#(&')&#1"'.#)+(K"#/2#
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!" #$%&'!" (")*+$,)" ,'&-$)"."
g# W8ggkWX# W8gfXXf# e8Vjgfl#
g8X# g8jeeve# g8jvfWg# e8VWWev#
g8e# g8fVveV# g8fjVkW# e8VfgWj#
W# g8effWe# g8evfek# e8Vjllk#
X# g8egjWk# g8eVlle# e8Vjfke#
e# g8llVvW# g8lfjjk# e8Vjffk#
Wggg# g8VeXkl# g8VjXeW# e8ejeWk#
#







!" #$%&'!" (")*+$,)" ,'&-$)"."
g# W8ggvje# W8WgVvf# v8VXvfk#
g8X# g8jejVj# g8kXjel# v8Xflfj#
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#Resolução do exercício apresentado por Wennerstrom e Backlund (1986)
restart :
 with LinearAlgebra :
 with linalg :
 with plots :
Digits d 20
Digits := 20







 # Se forem M  matrizes elementares
 





E d array 1 ..NL, 124E9, 0, 124E9





H d array 1 ..NL C 1, K12.78625EK3 ,K12.49875EK3, 0.01221125, 0.01278625
H := K0.01278625 K0.01249875 0.01221125 0.01278625
altura d H NL C 1 KH 1
altura := 0.02557250
























! := 0 0 0
#MATRIZ COEFICIENTES ELÁSTICOS
#for i from 1 to NL do
 G 1 d 0; G 2 d 22E6; G 3 d 0
# end do
G1 := 0
G2 := 2.2 10
7
G3 := 0
for i from 1 to NL do
 " i d ! i $E i
1C ! i $ 1C ! i
 end do:
for i from 1 to NL do
 C11 i d E i
 end do:
for i from 1 to NL do
 C22 i d E i
 end do:
for i from 1 to NL do
 C33 i d E i
 end do:
for i from 1 to NL do
 C12 i d " i
 end do:
for i from 1 to NL do
 C13 i d " i
 end do :
for i from 1 to NL do
 C23 i d " i
 end do:
for i from 1 to NL do
 C44 i d G i
 end do :
for i from 1 to NL do
 C55 i d G i
 end do :
for i from 1 to NL do
 C66 i d G i
 end do :
for i from 1 to NL do
 Qb i d array 1 ..6, 1 ..6, C11 i , C12 i , C13 i , 0, 0, 0 , C12 i , C11 i ,
C13 i , 0, 0, 0 , C13 i , C13 i , C33 i , 0, 0, 0 , 0, 0, 0, C44 i , 0, 0 , 0, 0, 0, 0,
















1.24 1011 0. 0. 0 0 0
0. 1.24 1011 0. 0 0 0
0. 0. 1.24 1011 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
Qb2 :=
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 2.2 107 0 0
0 0 0 0 2.2 107 0
0 0 0 0 0 2.2 107
Qb3 :=
1.24 1011 0. 0. 0 0 0
0. 1.24 1011 0. 0 0 0
0. 0. 1.24 1011 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

















































































x d N1$x1CN2$x2CN3$x3CN4$x4 :
x1 d 0 : x2 d Le
3
: x3 d 2 Le
3
: x4 d Le :






dN1 d diff N1, !Jac :
dN2 d diff N2, !Jac :
dN3 d diff N3, !Jac :
 
dN4 d diff N4, !Jac :
#só componentes de membrana - flexão
#
#
for i from 1 to NL do




2 z1 0 z1
3
0 1 0 0 z1 0
Zmbs2 :=
1 0 z2
2 z2 0 z2
3
0 1 0 0 z2 0
Zmbs3 :=
1 0 z3
2 z3 0 z3
3
0 1 0 0 z3 0
for i from 1 to NL do






















for i from 1 to NL do











for i from 1 to NL do




2 z1 0 z1
3
0 1 0 0 z1 0
Zmbs2 :=
1 0 z2
2 z2 0 z2
3
0 1 0 0 z2 0
Zmbs3 :=
1 0 z3
2 z3 0 z3
3
0 1 0 0 z3 0
for i from 1 to NL do













1.24 1011 0. 1.24 1011 z1
2 1.24 1011 z1 0. 1.24 10
11 z1
3
0. 1.24 1011 0. 0. 1.24 1011 z1 0.
1.24 1011 z1
2 0. 1.24 1011 z1
4 1.24 1011 z1
3 0. 1.24 1011 z1
5
1.24 1011 z1 0. 1.24 10
11 z1
3 1.24 1011 z1
2 0. 1.24 1011 z1
4




3 0. 1.24 1011 z1
5 1.24 1011 z1
4 0. 1.24 1011 z1
6
Pbm2 :=
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
Pbm3 :=
1.24 1011 0. 1.24 1011 z3
2 1.24 1011 z3 0. 1.24 10
11 z3
3
0. 1.24 1011 0. 0. 1.24 1011 z3 0.
1.24 1011 z3
2 0. 1.24 1011 z3
4 1.24 1011 z3
3 0. 1.24 1011 z3
5
1.24 1011 z3 0. 1.24 10
11 z3
3 1.24 1011 z3
2 0. 1.24 1011 z3
4




3 0. 1.24 1011 z3
5 1.24 1011 z3
4 0. 1.24 1011 z3
6
for i from 1 to NL do








for i from 1 to NL do

















Pbm1 := 3.5650000000000000000 10
5, 0., 56.982851007552083333, 
K4507.0512500000000000, 0., K0.72046778318879101562 , 
0., 3.5650000000000000000 105, 0., 0., K4507.0512500000000000, 0. , 
56.982851007552083333, 0., 0.0091096914258620399573, K0.72046778318879101562, 
0., K0.00011518912321344807230 , 
K4507.0512500000000000, 0., K0.72046778318879101562, 56.982851007552083333, 
0., 0.0091096914258620399573 , 
0., K4507.0512500000000000, 0., 0., 56.982851007552083333, 0. , 
K0.72046778318879101562, 0., K0.00011518912321344807230, 
0.0091096914258620399573, 0., 0.0000014565921965059481896
Pbm2 :=
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
Pbm3 := 7.1300000000000000000 10
5, 0., 111.40361449947916667, 
8911.6087500000000000, 0., 1.3928969934991933594 , 
0., 7.1300000000000000000 105, 0., 0., 8911.6087500000000000, 0. , 
111.40361449947916667, 0., 0.017418678853008257112, 1.3928969934991933594, 0., 
0.00021786518869840509113 , 
8911.6087500000000000, 0., 1.3928969934991933594, 111.40361449947916667, 0., 
0.017418678853008257112 , 
0., 8911.6087500000000000, 0., 0., 111.40361449947916667, 0. , 
1.3928969934991933594, 0., 0.00021786518869840509113, 0.017418678853008257112, 
0., 0.0000027254411169820943634
Pbmmd array 1 ..6, 1 ..6, sparse ;
 for m to NL do
 for i to 6 do
 for j to 6 do


































Pbmm := array sparse, 1 ..6, 1 ..6,
#MATRIZ B
Bbm d Matrix 6, 28, dN1, 0, 0, 0, 0, 0, 0, dN2, 0, 0, 0, 0, 0, 0, dN3, 0, 0, 0, 0, 0, 0, dN4, 0,
0, 0, 0, 0, 0 , 0, 0, 0, N1, 0, 0, 0, 0, 0, 0, N2, 0, 0, 0, 0, 0, 0, N3, 0, 0, 0, 0, 0, 0, N4, 0, 0,
0 , 0, 0, 0, 0, dN1, 0, 0, 0, 0, 0, 0, dN2, 0, 0, 0, 0, 0, 0, dN3, 0, 0, 0, 0 , 0, 0, dN4, 0, 0 ,
0, 0, dN1, 0, 0, 0, 0, 0, 0, dN2, 0, 0, 0, 0, 0, 0, dN3, 0, 0, 0, 0, 0, 0, dN4, 0, 0, 0, 0 , 0, 0,
0, 0, 0, 2 N1, 0, 0, 0, 0, 0, 0, 2 N2, 0, 0, 0, 0, 0, 0, 2 N3, 0, 0, 0, 0, 0, 0, 2 N4, 0 , 0, 0, 0, 0,
0, 0, dN1, 0, 0, 0, 0, 0, 0, dN2, 0, 0, 0, 0, 0, 0, dN3, 0, 0, 0, 0, 0, 0, dN4  ;
Bbm :=




#Bbmdconvert Bbm, Matrix :
 P1 d multiply multiply transpose Bbm , Pbmm , Bbm :
Ke d map int, P1, ! =K1 ..1 :#integração normal
Ke d evalm Ke$Jac :#multiplicação pelo Jacobiano
f d Matrix 28, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, P, 0, 0, 0, 0, 0, 0 ;
f :=




Kee d submatrix Ke, 8 ..28, 8 ..28 :
ff d submatrix f, 8 ..28, 1 ..1 :











$ !K 1 ;











$ !C 1 $ !K
1
3
$ !K 1 ;
N12 := 27
16


































































x d x11$N11C x12$N12C x13$N13C x14$N14 :
x11 d 0 : x12 d Le
3
: x13 d 2$ Le
3
: x14 d Le :
#dxdzetadsimplify diff x, !
#Jacd dxdzeta
#dN1d diff N1, !Jac
#dN2d diff N2, !Jac
#dN3d diff N3, !Jac
#dN4d diff N4, !Jac
for i from 1 to NL do
 Zmbs i d matrix 1, 3, 1, z i , z i 2 ;
 end do
Zmbs1 := 1 z1 z1
2
Zmbs2 := 1 z2 z2
2
Zmbs3 := 1 z3 z3
2
for i from 1 to NL do
 Qs i d matrix 1, 1, Qb i 5, 5
 end do
Qs1 := 0
Qs2 := 2.2 10
7
Qs3 := 0
#factor de correcção de cinco sextos 5|6


















 #Qs i d evalm Qs i $5
6
; #alpha representa o factor 
 end do
for i from 1 to NL do







2.2 107 2.2 107 z2 2.2 10
7 z2
2
2.2 107 z2 2.2 10
7 z2
2 2.2 107 z2
3
2.2 107 z2
2 2.2 107 z2






for i from 1 to NL do








for i from 1 to NL do












































Bs d matrix 3, 28, 0, dN1, N1, 0, 0, 0, 0, 0, dN2, N2, 0, 0, 0, 0, 0, dN3, N3, 0, 0, 0, 0, 0,
dN4, N4, 0, 0, 0, 0 , 0, 0, 0, dN1, 2 N1, 0, 0, 0, 0, 0, dN2, 2 N2, 0, 0, 0, 0, 0, dN3, 2 N3, 0,
0, 0, 0, 0, dN4, 2 N4, 0, 0 , 0, 0, 0, 0, 0, dN1, 3 N1, 0, 0, 0, 0, 0, dN2, 3 N2, 0, 0, 0, 0, 0,
dN3, 3 N3, 0, 0, 0, 0, 0, dN4, 3 N4 :
Ps1 d array 1 ..3, 1 ..3, sparse ;
 for m to NL do
 for i to 3 do
 for j to 3 do




Ps1 := array sparse, 1 ..3, 1 ..3,
P2 d multiply multiply transpose Bs , Ps1 , Bs :
#integração reduzida
A d 4 :
X 1 dK0.8611363116 : 
 X 2 dK0.3399810436 :
 X 3 d 0.3399810436 :
 X 4 d 0.8611363116 :
 
 W 1 d 0.3478548451 :
 W 2 d 0.6521451549 :
 W 3 d 0.6521451549 :
 W 4 d 0.3478548451 :
 
Kes d array 1 ..28, 1 ..28, sparse :
for m to A do
 for i to 28 do
 for j to 28 do
!d X m ;





























f d matrix 28, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, P, P, 0, 0, 0, 0, 0 :
Kg d matadd Ke, Kess :
Kgg d submatrix Kg, 8 ..28, 8 ..28 :
ff d submatrix f, 8 ..28, 1 ..1 :
linsolve Kgg, ff :
#varios elementos
GDLno d 7 :
 GDLelem d GDLno$4;     # 4 nós por elemento
 
 NE d GDLelem;
 
 
 S d GDLelemC MK 1 $ GDLelemKGDLno ;
 KTotal d array 1 ..S, 1 ..S, sparse :
 for a from 1 to M do
 
 acresc d aK 1 $ 3$ GDLno;
 for i from 1 to NE do
 
 for j from 1 to NE do



























































f d matrix S, 1, 0 :
#carregamento axial e transversal
#f SK 6, 1 d P :
#f SK 5, 1 d F :
#print f
KGG d submatrix KTotal, 8 ..S, 8 ..S :
#ffdsubmatrix f, 8 ..S, 1 ..1 :
#qdlinsolve KGG, ff ;
Kp d Matrix 1 ..S, 1 ..S, 0
Kp :=




Kp1, 1 d 100E100 :
Kp2, 2 d 100E100 :
Kp3, 3 d 100E100 :
Kp4, 4 d 100E100 :
Kp5, 5 d 100E100 :
Kp6, 6 d 100E100 :
Kp7, 7 d 100E100 :
#KpS K 6, S K 6 d 100E100 :
KpS K 5, S K 5 d 100E100 :
#Kp26, 26 d 10E100 :
KKK d matadd KTotal, Kp :
 KKK d convert KKK, Matrix :
#f SK 5, 1 d P :
#f SK 6, 1 d F :
f 23C 21$ M
2
K 1 , 1 d P
f107, 1 := K500




































































print qq 23C 21$ M
2








#Resolução do exercício da tabela-3 de Dipak et all (1994)
 
restart :




Digits d 30 :
 
 #DADOS DO PROBLEMA
 
b d 0.0127;
L d 0.1905;             # Comprimento total da viga
 
 M d 40;    # M=número de elementos
 Le d LM ;     # Comprimento de cada elemento, supondo que são iguais
 GDLno d 3 :
 GDLelem d GDLno$3;     # 3 nós por elemento
 







#FSDT COM MATERIAIS ORTOTRÓPICOS
#u=u0Cz$thetax
#w=w0
NL d 4; 
H d array 1 ..NL C 1, K0.01905,K0.009525, 0, 0.009525, 0.01905 ;
 
 altura d H NL C 1 KH 1 ;
 













E1 d array 1 ..NL, 129.207E9, 129.207E9, 129.207E9, 129.207E9 ;
E2 d array 1 ..NL, 9.42512E9, 9.42512E9, 9.42512E9, 9.42512E9 ;
E3 d array 1 ..NL, 9.42512E9, 9.42512E9, 9.42512E9, 9.42512E9 ;
!12 d array 1 ..NL, 0.218837, 0.218837, 0.218837, 0.218837 ;
!13 d array 1 ..NL, 0.3, 0.3, 0.3, 0.3 ;
!23 d array 1 ..NL, 0.3, 0.3, 0.3, 0.3 ;
G12 d array 1 ..NL, 5.15658E9, 5.15658E9, 5.15658E9, 5.15658E9 ;
G13 d array 1 ..NL, 4.3053E9, 4.3053E9, 4.3053E9, 4.3053E9 ;
G23 d array 1 ..NL, 2.5414E9, 2.5414E9, 2.5414E9, 2.5414E9 ;
ang d array 1 ..NL, 0, 60,K60, 0 ;
F := K10000.
E1 := 1.29207 1011 1.29207 1011 1.29207 1011 1.29207 1011
E2 := 9.42512 109 9.42512 109 9.42512 109 9.42512 109
E3 := 9.42512 109 9.42512 109 9.42512 109 9.42512 109
!12 := 0.218837 0.218837 0.218837 0.218837
!13 := 0.3 0.3 0.3 0.3
!23 := 0.3 0.3 0.3 0.3
G12 := 5.15658 109 5.15658 109 5.15658 109 5.15658 109
G13 := 4.3053 109 4.3053 109 4.3053 109 4.3053 109
G23 := 2.5414 109 2.5414 109 2.5414 109 2.5414 109
ang := 0 60 K60 0
#MATRIZ COEFICIENTES ELÁSTICOS
for i from 1 to NL do
 " i d convert ang i $degrees, radians ;
 end do;
 for i from 1 to NL do
!21 i d E2 i $!12 iE1 i ;






  !32 i d E3 i $!23 iE2 i ;





























for i from 1 to NL do
  C11 i d E1 i







 C12 i d !12 i $E2 i
1K !12 i $!21 i
;
 C22 i d E2 i




for i from 1 to NL do
C44 i d G23 i ; 
C55 i d G13 i ; 
C66 i d G12 i ; 
C13 i d 0;
C23 i d 0;
C33 i d 0;
 end do;
    
C111 := 1.29659947839967882712850047436 10
11
C121 := 2.06979550975329908950519078526 10
9
C221 := 9.45816068467991742486504012236 10
9
C112 := 1.29659947839967882712850047436 10
11
C122 := 2.06979550975329908950519078526 10
9
C222 := 9.45816068467991742486504012236 10
9
C113 := 1.29659947839967882712850047436 10
11
C123 := 2.06979550975329908950519078526 10
9
C223 := 9.45816068467991742486504012236 10
9
C114 := 1.29659947839967882712850047436 10
11
C124 := 2.06979550975329908950519078526 10
9
C224 := 9.45816068467991742486504012236 10
9
C441 := 2.5414 10
9
C551 := 4.3053 10
9












C442 := 2.5414 10
9
C552 := 4.3053 10
9





C443 := 2.5414 10
9
C553 := 4.3053 10
9





C444 := 2.5414 10
9
C554 := 4.3053 10
9





 for i from 1 to NL do
 
 C i d matrix 6, 6, C11 i , C12 i , C13 i , 0, 0, 0 , C12 i , C22 i , C23 i , 0,
0, 0 , C13 i , C23 i , C33 i , 0, 0, 0 , 0, 0, 0, C44 i , 0, 0 , 0, 0, 0, 0, C55 i ,
0 , 0, 0, 0, 0, 0, C66 i ;
  end do;
C1 := 1.29659947839967882712850047436 10
11, 2.06979550975329908950519078526 109, 
0, 0, 0, 0 , 
2.06979550975329908950519078526 109, 9.45816068467991742486504012236 109, 0, 
0, 0, 0 , 









0, 0, 0, 2.5414 109, 0, 0 , 
0, 0, 0, 0, 4.3053 109, 0 , 
0, 0, 0, 0, 0, 5.15658 109
C2 := 1.29659947839967882712850047436 10
11, 2.06979550975329908950519078526 109, 
0, 0, 0, 0 , 
2.06979550975329908950519078526 109, 9.45816068467991742486504012236 109, 0, 
0, 0, 0 , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 2.5414 109, 0, 0 , 
0, 0, 0, 0, 4.3053 109, 0 , 
0, 0, 0, 0, 0, 5.15658 109
C3 := 1.29659947839967882712850047436 10
11, 2.06979550975329908950519078526 109, 
0, 0, 0, 0 , 
2.06979550975329908950519078526 109, 9.45816068467991742486504012236 109, 0, 
0, 0, 0 , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 2.5414 109, 0, 0 , 
0, 0, 0, 0, 4.3053 109, 0 , 
0, 0, 0, 0, 0, 5.15658 109
C4 := 1.29659947839967882712850047436 10
11, 2.06979550975329908950519078526 109, 
0, 0, 0, 0 , 
2.06979550975329908950519078526 109, 9.45816068467991742486504012236 109, 0, 
0, 0, 0 , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 2.5414 109, 0, 0 , 
0, 0, 0, 0, 4.3053 109, 0 , 
0, 0, 0, 0, 0, 5.15658 109
for i from 1 to NL do
 Qa11 i d C11 i $cos4 ! i C 2 C12 i C 2 C66 i $sin2 ! i $cos2 ! i
CC22 i $sin4 ! i ;









CC12 i sin4 ! i C cos4 ! i ; 
 Qa22 i d C11 i $sin4 ! i C 2 C12 i C 2 C66 i $sin2 ! i $cos2 ! i
CC22 i $cos4 ! i ;
 Qa16 i d C11 i KC12 i K 2 C66 i $sin ! i $cos3 ! i C C12 i
KC22 i C 2 $C66 i sin3 ! i $cos ! i ;
 Qa26 i d C11 i KC12 i K 2 C66 i $sin3 ! i $cos ! i C C12 i
KC22 i C 2 $C66 i sin ! i $cos3 ! i ;
 Qa66 i d C11 i CC22 i K 2 C12 i K 2 C66 i $sin2 ! i $cos2 ! i
CC66 i $ sin4 ! i C cos4 ! i ;
 Qa44 i d C44 i cos2 ! i CC55 i sin2 ! i ;
 Qa45 i d C55 i KC44 i $cos ! i $sin ! i ;
 Qa55 i d C55 i $cos2 ! i CC44 i $sin2 ! i ;
  end do;
Qa111 := 1.29659947839967882712850047436 10
11
Qa121 := 2.06979550975329908950519078526 10
9




Qa661 := 5.15658 10
9
Qa441 := 2.5414 10
9
Qa451 := 0.
Qa551 := 4.3053 10
9
Qa112 := 1.80675704412879333796041595780 10
10
Qa122 := 2.42870058581247616153267697024 10
10
Qa222 := 7.81684640189319160235966632349 10
10
Qa162 := 7.87821105033967053857908178998 10
9 3
Qa262 := 2.21722357384823207834171700384 10
10 3
Qa662 := 2.65976170322139753672571323726 10
10
Qa442 := 3.86432500000000000000000000000 10
9
Qa452 := 4.40975000000000000000000000000 10
8 3
Qa552 := 2.98237500000000000000000000000 10
9












Qa123 := 2.42870058581247616153267697024 10
10
Qa223 := 7.81684640189319160235966632349 10
10
Qa163 := K7.87821105033967053857908178998 10
9 3
Qa263 := K2.21722357384823207834171700384 10
10 3
Qa663 := 2.65976170322139753672571323726 10
10
Qa443 := 3.86432500000000000000000000000 10
9
Qa453 := K4.40975000000000000000000000000 10
8 3
Qa553 := 2.98237500000000000000000000000 10
9
Qa114 := 1.29659947839967882712850047436 10
11
Qa124 := 2.06979550975329908950519078526 10
9




Qa664 := 5.15658 10
9
Qa444 := 2.5414 10
9
Qa454 := 0.
Qa554 := 4.3053 10
9
for i from 1 to NL do
 Qb i d matrix 6, 6, Qa11 i , Qa12 i , 0, 0, 0, Qa16 i , Qa12 i , Qa22 i , 0, 0,
0, Qa26 i , 0, 0, 0, 0, 0, 0 , 0, 0, 0, Qa44 i , Qa45 i , 0 , 0, 0, 0, Qa45 i ,
Qa55 i , 0 , Qa16 i , Qa26 i , 0, 0, 0, Qa66 i ;
 end do
Qb1 := 1.29659947839967882712850047436 10
11, 
2.06979550975329908950519078526 109, 0, 0, 0, 0. , 
2.06979550975329908950519078526 109, 9.45816068467991742486504012236 109, 0, 
0, 0, 0. , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 2.5414 109, 0., 0 , 










0., 0., 0, 0, 0, 5.15658 109
Qb2 := 1.80675704412879333796041595780 10
10, 
2.42870058581247616153267697024 1010, 0, 0, 0, 
7.87821105033967053857908178998 109 3 , 
2.42870058581247616153267697024 1010, 7.81684640189319160235966632349 1010, 
0, 0, 0, 2.21722357384823207834171700384 1010 3 , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 3.86432500000000000000000000000 109, 
4.40975000000000000000000000000 108 3 , 0 , 
0, 0, 0, 4.40975000000000000000000000000 108 3 , 
2.98237500000000000000000000000 109, 0 , 
7.87821105033967053857908178998 109 3 , 
2.21722357384823207834171700384 1010 3 , 0, 0, 0, 
2.65976170322139753672571323726 1010
Qb3 := 1.80675704412879333796041595780 10
10, 
2.42870058581247616153267697024 1010, 0, 0, 0, 
K7.87821105033967053857908178998 109 3 , 
2.42870058581247616153267697024 1010, 7.81684640189319160235966632349 1010, 
0, 0, 0, K2.21722357384823207834171700384 1010 3 , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 3.86432500000000000000000000000 109, 
K4.40975000000000000000000000000 108 3 , 0 , 
0, 0, 0, K4.40975000000000000000000000000 108 3 , 
2.98237500000000000000000000000 109, 0 , 
K7.87821105033967053857908178998 109 3 , 
K2.21722357384823207834171700384 1010 3 , 0, 0, 0, 
2.65976170322139753672571323726 1010
Qb4 := 1.29659947839967882712850047436 10
11, 
2.06979550975329908950519078526 109, 0, 0, 0, 0. , 
















0, 0, 0. , 
0, 0, 0, 0, 0, 0 , 
0, 0, 0, 2.5414 109, 0., 0 , 
0, 0, 0, 0., 4.3053 109, 0 , 
0., 0., 0, 0, 0, 5.15658 109
for i from 1 to NL do
 Qa i 1, 1 d Qb i 1, 1 CQb i 1, 2
$
Qb i 1, 6 $Qb i 2, 6 KQb i 1, 2 $Qb i 6, 6
Qb i 2, 2 $Qb i 6, 6 KQb i 2, 6 2
CQb i 1, 6
$
Qb i 1, 6 $Qb i 2, 2 KQb i 1, 2 $Qb i 2, 6











for i from 1 to NL do
 Qa i 5, 5 d Qb i 5, 5 K Qb i 4, 5
2










for i from 1 to NL do





























Qtotal d matrix 2, 2, 0 :
 for m to NL do
 for i to 2 do
 for j to 2 do 
# print Q m i, j ;












!K 1 : N2 d 1K!2 : N3 d !
2
!C 1 :
 x d x1$N1C x2$N2C x3$N3 :
x1 d 0 : x2 d Le
2
: x3 d Le :
dxdzeta d simplify diff x, ! :
Jac d dxdzeta ;
 dN1 d diff N1, !Jac : dN2 d
diff N2, !























for i from 1 to NL do
 Zmbs i d matrix 1, 2, 1, z i
 end do;
 
 for i from 1 to NL do
 Qmb i d matrix 1, 1, Q i 1, 1
 end do;
Zmbs1 := 1 z1
Zmbs2 := 1 z2
Zmbs3 := 1 z3
Zmbs4 := 1 z4
Qmb1 := 1.29207000000000000000000000000 10
11
Qmb2 := 1.01417742448416159574138020111 10
10
Qmb3 := 1.01417742448416159574138020111 10
10
Qmb4 := 1.29207000000000000000000000000 10
11
for i from 1 to NL do




1.29207000000000000000000000000 1011 z1 , 






1.01417742448416159574138020111 1010 z2 , 






















1.01417742448416159574138020111 1010 z3 , 






1.29207000000000000000000000000 1011 z4 , 




for i from 1 to NL do
 h i d H i :










for i from 1 to NL do





, z i = h i ..h iC 1 ;
 end do;
 
 Pbmmd matrix 2, 2, 0 :
 for m to NL do
 for i to 2 do
 for j to 2 do

























 print Pbmm ;
Pbm11 :=
1.56298477725000000000000000000 107, 














Bbm d matrix 2, 9, dN1, 0, 0, dN2, 0, 0, dN3, 0, 0 , 0, 0, dN1, 0, 0, dN2, 0, 0, dN3  ;
Bbm := 419.947506561679790026246719160 !K 209.973753280839895013123359580, 0, 
0, K839.895013123359580052493438320 !, 0, 0, 419.947506561679790026246719160 !
C 209.973753280839895013123359580, 0, 0 , 
0, 0, 419.947506561679790026246719160 !K 209.973753280839895013123359580, 0, 
0, K839.895013123359580052493438320 !, 0, 0, 419.947506561679790026246719160 !
C 209.973753280839895013123359580
#Bbmdconvert Bbm, Matrix
P1 d multiply multiply transpose Bbm , Pbmm , Bbm ;
P1 := 1.41578354632759081812732422843 1010 !
K 7.07891773163795409063662114217 109  419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 0., 0., 
K839.895013123359580052493438320 1.41578354632759081812732422843 1010 !

















K 7.07891773163795409063662114217 109  419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 0., 0. , 
0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 0., 2.81014829087995710572954273401 106 !
K 1.40507414543997855286477136700 106  419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 0., 0., 
K839.895013123359580052493438320 2.81014829087995710572954273401 106 !
K 1.40507414543997855286477136700 106  !, 0., 0., 
2.81014829087995710572954273401 106 !
K 1.40507414543997855286477136700 106  419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 
K2.83156709265518163625464845687 1010 ! 419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 0., 0., 
2.37821908044529691233986222099 1013 !
2
, 0., K0., 
K2.83156709265518163625464845687 1010 ! 419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 0., 0. , 
0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 0., 
K5.62029658175991421145908546802 106 ! 419.947506561679790026246719160 !
K 209.973753280839895013123359580 , K0., 0., 
4.72045907129441613560868070805 109 !
2
, 0., 0., 
K5.62029658175991421145908546802 106 ! 419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 
1.41578354632759081812732422843 1010 !
C 7.07891773163795409063662114217 109  419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 0., 0., 
K839.895013123359580052493438320 1.41578354632759081812732422843 1010 !
C 7.07891773163795409063662114217 109  !, 0., 0., 
1.41578354632759081812732422843 1010 !
C 7.07891773163795409063662114217 109  419.947506561679790026246719160 !





















0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 0., 2.81014829087995710572954273401 106 !
C 1.40507414543997855286477136700 106  419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 0., 0., 
K839.895013123359580052493438320 2.81014829087995710572954273401 106 !
C 1.40507414543997855286477136700 106  !, 0., 0., 
2.81014829087995710572954273401 106 !
C 1.40507414543997855286477136700 106  419.947506561679790026246719160 !
C 209.973753280839895013123359580
Ke d map int, P1, ! =K1 ..1 :         #integração exacta
Ke d evalm Ke$Jac ;                        #multiplicação pelo Jacobiano
Ke := 1.65174747071552262114854493317 1010, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0., 
2.35963924387931803021220704736 109, 0., 0. , 
0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 0., 3.27850633935994995668446652300 106, 0., 0., 
K3.74686438783994280763939031202 106, 0., 0., 
4.68358048479992850954923789006 105 , 
K1.88771139510345442416976563791 1010, 0., 0., 
3.77542279020690884833953127582 1010, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0. , 
0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 0., K3.74686438783994280763939031202 106, 0., 0., 
7.49372877567988561527878062402 106, 0., 0., 
K3.74686438783994280763939031202 106 , 
2.35963924387931803021220704736 109, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0., 
1.65174747071552262114854493317 1010, 0., 0. , 
0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 0., 4.68358048479992850954923789006 105, 0., 0., 
K3.74686438783994280763939031202 106, 0., 0., 
3.27850633935994995668446652300 106





























 Keed submatrix Ke, 4 ..9, 4 ..9 ;
ffd submatrix f, 4 ..9, 1 ..1 ;
linsolve Kee, ff ;
Kee := 3.77542279020690884833953127582 1010, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0. , 
0., 0., 0., 0., 0., 0. , 
0., 0., 7.49372877567988561527878062402 106, 0., 0., 
K3.74686438783994280763939031202 106 , 
K1.88771139510345442416976563791 1010, 0., 0., 
1.65174747071552262114854493317 1010, 0., 0. , 
0., 0., 0., 0., 0., 0. , 








































!K 1 : N2 d 1K!2 : N3 d !
2
!C 1 :
 x d x1$N1C x2$N2C x3$N3 :
x1 d 0 : x2 d Le
2
: x3 d Le :
dxdzeta d simplify diff x, ! :
Jac d dxdzeta ;
 dN1 d diff N1, !Jac : dN2 d
diff N2, !




for i from 1 to NL do
 Zmbs i d matrix 1, 1, 1 ;
 end do;
 
for i from 1 to NL do
 Qs i d matrix 1, 1, Q i 2, 2
 end do;
 
for i from 1 to NL do
 Qs i d evalm Qs i $5
6




























Qs1 := 4.3053 10
9
Qs2 := 2.83141025146694442108259527861 10
9
Qs3 := 2.83141025146694442108259527861 10
9
Qs4 := 4.3053 10
9
Qs1 := 3.58775000000000000000000000000 10
9
Qs2 := 2.35950854288912035090216273217 10
9
Qs3 := 2.35950854288912035090216273217 10
9
Qs4 := 3.58775000000000000000000000000 10
9
for i from 1 to NL do
 Psh i d multiply multiply transpose Zmbs i , Qs i , Zmbs i ;
 end do;
 
 for i from 1 to NL do
  h i d H i :
  h iC 1 d H iC 1 ;
 end do;
 
 for i from 1 to NL do







Psh1 := 3.58775000000000000000000000000 10
9
Psh2 := 2.35950854288912035090216273217 10
9
Psh3 := 2.35950854288912035090216273217 10
9

































Ps1 := 4.34001148125000000000000000000 10
5
Ps2 := 2.85423849661939666047757370304 10
5
Ps3 := 2.85423849661939666047757370304 10
5
Ps4 := 4.34001148125000000000000000000 10
5
Bsd matrix 1, 9, 0, dN1, N1, 0, dN2, N2, 0, dN3, N3 ;
Bs := 0, 419.947506561679790026246719160 !K 209.973753280839895013123359580, 
1
2
 ! !K 1 , 0, K839.895013123359580052493438320 !, 1K!
2
, 0, 





Ps1d matrix 1, 1, 0 ;
 for m to NL do
 for i to 1 do
 for j to 1 do





 P2d multiply multiply transpose Bs , Ps1 , Bs ;
Ps1 := 0
P2 := 0., 0., 0., 0., K0., K0., 0., 0., 0. , 
0., 6.04241467957534627651659733589 108 !
K 3.02120733978767313825829866795 108  419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 
1
2
 6.04241467957534627651659733589 108 !





















K839.895013123359580052493438320 6.04241467957534627651659733589 108 !
K 3.02120733978767313825829866795 108  !, 
6.04241467957534627651659733589 108 !




K 3.02120733978767313825829866795 108  419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 
1
2
 6.04241467957534627651659733589 108 !
K 3.02120733978767313825829866795 108  ! !C 1 , 
0., 7.19424997786939666047757370305 105 ! !
K 1  419.947506561679790026246719160 !








 !K 1 , 
7.19424997786939666047757370305 105 ! !K 1  1K!
2
, 0., 
7.19424997786939666047757370305 105 ! !
K 1  419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 
3.59712498893469833023878685152 105 !
2
 !K 1  !C 1 , 
0., 0., 0., 0., K0., K0., 0., 0., 0. , 
K0., 
K1.20848293591506925530331946718 109 ! 419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 
K6.04241467957534627651659733590 108 !
2
























K1.20848293591506925530331946718 109 ! 1K!
2
, K0., 
K1.20848293591506925530331946718 109 ! 419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 
K6.04241467957534627651659733590 108 !
2
 !C 1 , 
K0., 1.43884999557387933209551474061 106
K 1.43884999557387933209551474061 106 !
2




K 1.43884999557387933209551474061 106 !
2
 ! !K 1 , K0., 
K839.895013123359580052493438320 1.43884999557387933209551474061 106










K 1.43884999557387933209551474061 106 !
2




K 1.43884999557387933209551474061 106 !
2
 ! !C 1 , 
0., 0., 0., 0., K0., K0., 0., 0., 0. , 
0., 6.04241467957534627651659733589 108 !























K 209.973753280839895013123359580 , 
1
2
 6.04241467957534627651659733589 108 !
C 3.02120733978767313825829866795 108  ! !K 1 , 0., 
K839.895013123359580052493438320 6.04241467957534627651659733589 108 !
C 3.02120733978767313825829866795 108  !, 
6.04241467957534627651659733589 108 !




C 3.02120733978767313825829866795 108  419.947506561679790026246719160 !
C 209.973753280839895013123359580 , 
1
2
 6.04241467957534627651659733589 108 !
C 3.02120733978767313825829866795 108  ! !C 1 , 
0., 7.19424997786939666047757370305 105 ! !
C 1  419.947506561679790026246719160 !
K 209.973753280839895013123359580 , 
3.59712498893469833023878685152 105 !
2
 !K 1  !C 1 , 0., 
K6.04241467957534627651659733589 108 !
2
 !C 1 , 
7.19424997786939666047757370305 105 ! !C 1  1K!
2
, 0., 
7.19424997786939666047757370305 105 ! !
C 1  419.947506561679790026246719160 !































X 1 d evalf 1
sqrt 3
: 




W 1 d 1 :
W 2 d 1 :
 
Kes d matrix 9, 9, 0 :
 
for m to A do
 for i to 9 do
 for j to 9 do
!d X m ;




 end do; 
# evalm Kes ;
 Kess d evalm Kes$Jac ;
Kess := 0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 7.04948379283790398926936355856 108, 
K7.19424997786939666047757370306 105, 0., 
K8.05655290610046170202212978122 108, K9.59233330382586221397009827072 105, 
0., 1.00706911326255771275276622267 108, 2.39808332595646555349252456769 105 , 
0., K7.19424997786939666047757370308 105, 761.391455991177813233876550239, 0., 
9.59233330382586221397009827074 105, 761.391455991177813233876550239, 0., 
K2.39808332595646555349252456769 105, K380.695727995588906616938275121 , 
0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., K8.05655290610046170202212978124 108, 
9.59233330382586221397009827077 105, 0., 1.61131058122009234040442595624 109, 
0., 0., K8.05655290610046170202212978124 108, 
K9.59233330382586221397009827077 105 , 
0., K9.59233330382586221397009827069 105, 761.391455991177813233876550239, 0., 




























0., 0., 0., 0., 0., 0., 0., 0., 0. , 
0., 1.00706911326255771275276622267 108, 
K2.39808332595646555349252456769 105, 0., 
K8.05655290610046170202212978122 108, 9.59233330382586221397009827072 105, 0., 
7.04948379283790398926936355856 108, 7.19424997786939666047757370306 105 , 
0., 2.39808332595646555349252456769 105, K380.695727995588906616938275121, 0., 
K9.59233330382586221397009827074 105, 761.391455991177813233876550239, 0., 
7.19424997786939666047757370308 105, 761.391455991177813233876550239











Kgd matadd Ke, Kess ;
Kggd submatrix Kg, 4 ..9, 4 ..9 :
 ffd submatrix f, 4 ..9, 1 ..1 :
linsolve Kgg, ff ;
Kg := 1.65174747071552262114854493317 1010, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0., 
2.35963924387931803021220704736 109, 0., 0. , 
0., 7.04948379283790398926936355856 108, 
K7.19424997786939666047757370306 105, 0., 
K8.05655290610046170202212978122 108, K9.59233330382586221397009827072 105, 
0., 1.00706911326255771275276622267 108, 2.39808332595646555349252456769 105 , 
0., K7.19424997786939666047757370308 105, 
3.27926773081594113449770039955 106, 0., 9.59233330382586221397009827074 105, 
K3.74610299638395162982615643547 106, 0., 


























K1.88771139510345442416976563791 1010, 0., 0., 
3.77542279020690884833953127582 1010, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0. , 
0., K8.05655290610046170202212978124 108, 
9.59233330382586221397009827077 105, 0., 1.61131058122009234040442595624 109, 
0., 0., K8.05655290610046170202212978124 108, 
K9.59233330382586221397009827077 105 , 
0., K9.59233330382586221397009827069 105, 
K3.74610299638395162982615643547 106, 0., 0., 
7.49677434150385032653171613022 106, 0., 9.59233330382586221397009827069 105, 
K3.74610299638395162982615643547 106 , 
2.35963924387931803021220704736 109, 0., 0., 
K1.88771139510345442416976563791 1010, 0., 0., 
1.65174747071552262114854493317 1010, 0., 0. , 
0., 1.00706911326255771275276622267 108, 
K2.39808332595646555349252456769 105, 0., 
K8.05655290610046170202212978122 108, 9.59233330382586221397009827072 105, 0., 
7.04948379283790398926936355856 108, 7.19424997786939666047757370306 105 , 
0., 2.39808332595646555349252456769 105, 4.67977352751997262048306850731 105, 
0., K9.59233330382586221397009827074 105, 








 # Se forem M  matrizes elementares
 
 #Md1;













































 KTotal d array 1 ..S, 1 ..S, sparse :
 for a from 1 to M do
 
 acresc d aK 1 $ 2$ GDLno;
 for i from 1 to NE do
 
 for j from 1 to NE do






 #print KTotal ;
S := 243
f d matrix S, 1, 0 :
Kp d Matrix 1 ..S, 1 ..S, 0 :
Kp1, 1 d 100E100 :
Kp2, 2 d 100E100 :
Kp3, 3 d 100E100 :
#Kp23, 23 d 10E100 :
#Kp4, 4 d 10E100 :
#Kp5, 5 d 10E100 :
#KpS K 1, S K 1 d 100E100 :
#Kp27, 27 d 10E100 :
KKK d matadd KTotal, Kp :
 KKK d convert KKK, Matrix :
f d matrix S, 1, 0 :
#carregamento axial e transversal
#SK M$GDLno C 1
#f SK M$GDLno C 1 , 1 d P :
#f SK 2, 1 d P :
f SK 1, 1 d F :
#ffdmatadd f, fdistr2




























for i from 1 to NL do
w0d 10$E3 i $b$altura
3$qq SK 1, 1
F$L3
 end do
w0 := 4.56551886983057605468276096404
w0 := 4.56551886983057605468276096404
w0 := 4.56551886983057605468276096404
w0 := 4.56551886983057605468276096404
